Actinorectispora metalli sp. nov., a novel actinomycete isolated from a mine and emended description of the genus Actinorectispora Growth was observed at 10-45 C (optimum 28 C), with 0-10 % (w/v) NaCl (optimum, in the absence of NaCl) and at pH 6.0-8.0 (optimum pH 7.0). KC 198 T possessed MK-9(H 4 ) as the predominant respiratory quinone and a minor amount of MK-10(H 4 ). Polar lipids detected were diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, phosphatidylinositol and phosphatidylinositol mannoside. Three unidentified lipids were also detected. The main cellular fatty acids were iso-C 16 : 0 (30.9 %), iso-C 16 : 1 H (22.9 %) and iso-C 15 : 0 (14.8 %). The genomic DNA G+C content was 66.8 mol%. On the basis of the phenotypic and genotypic characteristics, we propose that strain KC 198 T represents a novel species of the genus Actinorectispora. The name Actinorectispora metalli sp. nov. is, therefore, proposed for the novel species with the type strain KC 198 T (=CCTCC AA 2015043 T =KCTC 39718 T ). The description of the genus Actinorectispora has also been emended.
The genus Actinorectispora, belonging to the family Pseudonocardiaceae, was first proposed by Quadri et al. [1] and currently contains only one species with a validly published name (http://www.bacterio.net/actinorectispora.html). The genus Actinorectispora was distinguished by production of aerobic, extensively branched, white aerial hyphae, which differentiate into long chains of smooth-surfaced spores. Chemotaxonomically, the genus Actinorectispora is characterized by the presence of meso-diaminopimelic acid, galactose and ribose in the whole-cell hydrolysates, diphosphatidylglycerol and phosphatidylglycerol in the phospholipid pattern and, usually, MK-9(H 4 ) as the predominant menaquinone.
During an investigation of the culturable actinobacteria from a rare earth mine in Bayan Obo in PR China, a strain affiliated to the genus Actinorectispora was isolated following 30 days of aerobic incubation at 28 C on sodium pyruvate medium with the following composition per litre: 10 g sodium pyruvate, 1 g (NH 4 ) 2 SO 4 , 2 g CaCl 2 , 0.24 g MgSO 4 .7H 2 O, 1 g NaCl, 1 g K 2 HPO 4 , 20 g agar, the final pH was adjusted to 7.2 with NaOH or HCl. The strain was purified on the same medium, and the pure culture was maintained on International Streptomyces Project (ISP) medium 2 [2] at 4 C. The pure culture was maintained in 20 % (v/v) glycerol suspensions at À80 C. Biomass for chemical and molecular studies was obtained from cultures grown in trypic soy broth at 28 C for 7 days.
Genomic DNA was extracted from the biomass preparations. PCR amplification and 16S rRNA gene sequencing was performed using procedures described by Li et al. [3] . The sequencing result was identified and 16S rRNA gene sequence similarities between KC 198 T and the type strains of species were calculated using EzBioCloud [4] . The almost-complete 16S rRNA gene sequence (1510 bp) of KC 198 T was determined and deposited under the accession number KU992914 in the GenBank database. Phylogenetic analyses were conducted using MEGA version 7 [5] . The 16S rRNA gene sequence of KC 198 T was aligned against related sequences using the CLUSTAL X program [6] . Phylogenetic trees were inferred based on the neighbour-joining [7] , maximum-likelihood [8] and maximum-parsimony algorithms [9] . The distance matrix was calculated using Kimura's two-parameter model [10] . The stability of the clades in the trees was appraised using a bootstrap value with 1000 repeats [11] . The G+C content of the DNA from KC 198 T was determined by HPLC [12] . DNA-DNA hybridizations were carried out using the fluorometric micro-well method [13, 14] .
A neighbour-joining tree ( Fig. 1 ) based on 16S rRNA gene sequences indicated that KC 198 T represented a member of the genus Actinorectispora and formed a distinct branch, supported by a high bootstrap value (99 %). This branching pattern was also found in trees generated with the maximum-likelihood and maximum-parsimony methods. The level of 16S rRNA gene sequence similarity between KC 198 T and the only species of the genus Actinorectispora with a validly published name, Actinorectispora indica YIM 75728
T , was 98.4 %. DNA-DNA hybridization values between KC 198 T and A. indica YIM 75728 T was determined to be 32.3±2.2 % which is below the 70 % cut-off point recommended for identification of novel species [15] . The G+C content of the genomic DNA of KC 198 T was determined to be 66.8 mol%.
General cell morphology of KC 198 T was observed by light microscopy (CX31; Olympus) and scanning electron microscopy (Quanta200; FEI) of a 21-day-old culture grown on ISP 2 medium. For cultural characteristics, KC 198 T was grown for 28 days at 28 C on ISP media 2, 3, 4 and 5 [2] , potato-dextrose agar, Czapek's agar and nutrient agar [16] . The colours of substrate and aerial mycelia and production T based on the 16S rRNA gene sequences, indicating its phylogenetic relationship with A. indica and other closed related genera of the family Pseudonocardiaceae. Nodes marked with a single asterisk were also obtained in trees generated with either with maximum-likelihood or maximum-parsimony methods, while those marked with double asterisks were obtained using all three methods. Bootstrap values greater than 50 % are shown at the nodes. Bar, 0.01 nucleotide substitutions per site.
of any diffusible pigments were determined based on the Inter-Society Colour Council-National Bureau of Standards (ISCC-NBS) colour charts [17] . Cell motility was determined by observing the growth of the cells in a tube containing semisolid medium [18] . Growth at different temperatures (4, 15, 20, 25, 28, 30, 37, 40, 45 , 50, 55 and 60 C) and NaCl tolerance [up to 20 % (w/v), at intervals of 1 %] was determined on ISP 2 agar at 28 C for 21 days. Growth pH range (pH 4.0-11.0, at intervals of 0.5 pH units) was assessed using ISP 2 medium broth at 28 C as described by Xu et al. [19] . Oxidase and catalase activities were observed with an oxidase reagent (bioM erieux) and 3 % (v/v) hydrogen peroxide solution, respectively. Gramstaining was examined as described by Gerhardt et al. [20] . Decomposition of cellulose, gelatin, starch, Tween 60 and Tween 80, coagulation and peptonization of milk, reduction of nitrate, activity of urease and production of H 2 S were determined as described by Smibert and Kreig [21] . Utilization of compounds as sole carbon source was tested according to the methods of Kurup and Schmitt [22] and Gordon et al. [23] . The utilization of nitrogen sources was tested as described by Williams et al. [24] . Production of acid was tested by using the well-established procedures described by Gordon et al. [23] .
Morphological observation of KC 198 T revealed that the strain showed the typical characteristics of members of the genus Actinorectispora. Aerial hyphae differentiated into long, straight chains of cylindrical spores (Fig. 2) . There was no fragmentation of the substrate mycelium or aerial mycelium. Growth was good on ISP 2, 3, 4 and 5 media, moderate on nutrient agar (NA), but poor on potato-dextrose agar (PDA) media and Czapek's agar. The colour of the aerial mycelium was white to grayish and the substrate mycelium was deep yellow to strong brown. On ISP 2 medium a dark brown diffusible pigment was produced. Growth was observed at 10-45 C (optimum, 28 C), pH 6.0-8.0 (optimum, 7.0) and with up to 10 % (w/v) NaCl (optimum, in the absence of NaCl). Other detailed physiological characteristics are presented in the species description and in Table 1 .
The isomeric form of diaminopimelic acid and whole-cell sugars were analysed as described by Hasegawa et al. [25] and Tang et al. [26] . Mycolic acids analysis was performed as described by Minnikin et al. [27] . Polar lipids were extracted from freeze-dried cells and analysed by two dimensional TLC using the method of Minnikin et al. [28] . Menaquinones were extracted and purified by the method of Collins et al. [29] , and analysed by HPLC [30] . The cellular fatty acid composition was studied using the standard MIDI (Microbial Identification, Sherlock version 6.0) procedure [31] and identified using the database library TSBA6 version 6.0.
According to the results of chemotaxonomic studies, KC 198
T contained meso-diaminopimelic acid, whole-cell hydrolysates yielded galactose and ribose, traces of rhamnose and glucose. No mycolic acids were present. The polar lipids detected were diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, phosphatidylinositol, phosphatidylinositol mannoside and three unidentified lipids (Fig. 3 .) The quinone systems of KC 198 T contained MK-9(H 4 ) (97.7 %) as the major menaquinone and MK-10 (H 4 ) (2.3 %) as a minor menaquinone. The major cellular fatty acids (!5 %) were iso-C 16 : 0 (30.9 %), iso-C 16 : 1 H (22.9 %) and iso-C 15 : 0 (14.8 %).
Phylogenetic analyses clearly demonstrated that KC 198
T represents a species of the genus Actinorectispora, morphological feature of KC 198 T showed the typical characteristics of members of the genus Actinorectispora, too. The cell-wall diamino acid was meso-diaminopimelic acid, major sugars were galactose and ribose, the major menaquinone was MK-9(H 4 ), no mycolic acids were present, phospholipids composition revealed the presence of diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, phosphatidylinositol and phosphatidylinositol mannoside. All these chemotaxonomic data clearly support the assignment of KC 198 T to the genus Actinorectispora. However, DNA G+C content, the trace of menaquinone MK-10(H 4 ), major fatty acids (!5.0 %) and some of physiological data presented in Table 1 demonstrate that the KC 198 T is very different from the only previously described species of the genus Actinorectispora. Therefore, KC 198 T represents a novel species of the genus Actinorectispora, for which the name Actinorectispora metalli sp. nov. is proposed. 
EMENDED DESCRIPTION OF THE GENUS ACTINORECTISPORA QUADRI ET AL. 2016
The genus description is as given by Quadri et al. [1] with the following changes. The polar lipid pattern contains diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, phosphatidylinositol and phosphatidylinositol mannoside. Phosphatidylcholine is absent. The DNA G+C content ranges from 66.8 to 68.0 mol%.
DESCRIPTION OF ACTINORECTISPORA METALLI SP. NOV.
Actinorectispora metalli (me.tal¢li. L. gen. n. metalli of a mine).
Aerobic, Gram-stain-positive. White to grayish aerial mycelium is produced, and substrate mycelium ranging in colour from deep yellow to strong brown on most media. A dark brown diffusible pigment is produced on ISP 2 medium. Aerial hyphae differentiate into long, straight chains of cylindrical spores. Cells are non-motile, oxidase-negative and catalase-positive. Growth occurs at 10-45 C (optimum 28 C), pH 6.0-8.0 (optimum pH 7.0) and in the presence of up to 10 % (w/v) NaCl. Positive for nitrate reduction, milk coagulation and urease activity but negative for milk peptonization and H 2 S production. Hydrolyzes gelatin, Tween 60 and Tween 80 but not cellulose or starch. Utilizes cellobiose fructose, fucose, galactose, glucose, glycerol, N-acetyl-glucosamine, inositol, lactose, DL-malic acid, maltose, D-mannose, melibiose, ribose, sodium citrate, sodium pyruvate, sodium succinate, D-sorbitol, sorbose, sucrose and xylose as sole carbon sources but not adipic acid amygdalin, D-arabinose, erythritol, D-mannitol, phenylacetic acid, raffinose, rhamnose, salicin or xylitol. Utilizes L-alanine, L-asparagine, hypoxanthine, L-proline, L-tyrosine, xanthine and L-cysteine as sole nitrogen sources but not L-arginine, L-histidine, L-tryptophan or L-valine. Produces acid from fructose, galactose, lactose, maltose, ribose and sorbose. The predominant respiratory quinone is MK-9(H 4 ). Polar lipids are diphosphatidylglycerol, Dark brown on ISP 6
Growth at: The type strain, KC 198 T (=CCTCC AA 2015043 T =KCTC 39718 T ), was isolated from a rare earth mine in Inner Mongolia, PR China. The genomic DNA G+C content is 66.8 mol%. 
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